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Introduction
The Rel-19 WID on NR MIMO Phase 5 is approved [1], which includes the following objective:
5. Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
a. Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP. 

Discussions
In the RAN#102 meeting, it was approved to study enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios. An example of such deployment scenario is illustrated in Fig.1, where one downlink transmission and reception point (DL TRP) e.g., the gNB in the figure, and multiple non-co-located uplink transmission and reception points (UL TRPs) may be deployed. The multiple UL TRPs can be connected to the DL TRP via backhaul. Since the power rating is different between the DL TRP and UL TRP, a UE may receive the downlink signals/channels from the DL TRP, while transmit uplink to either the DL TRP or the UL TRP to achieve better uplink coverage and throughput. In addition, this can also help to reduce the deployment cost/complexity and reduce the energy consumption since the UL TRPs can turn off the downlink transmission.
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Fig.1 Asymmetric DL sTRP/UL mTRP deployment
Close-loop power control enhancement for SRS
To support the asymmetric DL sTRP/UL mTRP deployment, one of the issues is the close-loop power control for SRS. In this case, one SRS close-loop power control adjustment state which is separate from the PUSCH is needed for the SRS to the DL TRP for DL CSI acquisition. Another separate SRS close-loop power control adjustment state may be needed for the beam management SRS. Therefore, two separate close-loop power control adjustment states, both separate from PUSCH are needed. For codebook-based or non-codebook-based SRS, the same close loop power control adjustment state(s) as PUSCH can be used. In this case, the legacy close loop power control adjustment state(s) for PUSCH can be used for SRS.
In the current specification, the power control adjustment state for SRS is configured per SRS resource set. For a given SRS resource set, the power control adjustment state is configured by srs-PowerControlAdjustmentStates. If srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS and PUSCH transmissions, two close loop power control adjustment states are supported and one of the close loop index l = 0 or l = 1 can be configured. However, if srs-PowerControlAdjustmentStates indicates separate power control adjustment state between SRS and PUSCH transmissions, only one separate power control adjustment state is supported and the close loop index l = 0 is used. Based on the above analysis, for the asymmetric DL sTRP/UL mTRP deployment, two separate close-loop power control adjustment states are needed. Therefore, for a given SRS resource set, if separate power control adjustment state is used, one of the separate closed loop power control adjustment state l = 0 or l = 1 need to be configured. 
Proposal 1: When separate close-loop power control adjustment state is configured for an SRS resource set, the SRS resource set can be configured with close loop index l = 0 or close loop index l = 1 where each close loop index l corresponds to a separate power control adjustment state.
For SRS with separate power control adjustment state, the TPC command is indicated in a group common DCI 2_3. In the current DCI format 2_3, one TPC command is indicated for an uplink serving cell which is applied to the separate close loop index l = 0. To support two separate closed loop power control adjustment states for SRS, the TPC command for each of the two close loop indexes need to be adjusted dynamically. Therefore, DCI format 2_3 need to be enhanced to indicate the TPC command for a given close loop index. 
Two types (type A and type B) of DCI format 2_3 is supported in the current specification and which type to use for an uplink serving cell can be configured by srs-TPC-PDCCH-Group. TypeA is used to trigger AP SRS for a set of serving cells and the TPC commands for each of the serving cells in the set of serving cells are indicated. TypeB can be used to indicate the TPC command for a given uplink serving cell and one or more blocks can be configured to the UE, where each block corresponds to an uplink serving cell. For the asymmetric DL sTRP/UL mTRP deployment scenario, at least typeB needs to be enhanced to indicate the TPC command for the serving cell with two separate power control adjustment states for SRS. For TypeA, it is mainly used for carrier switching for PUSCH-less CCs in NR and the necessity of such enhancement for the asymmetric DL sTRP/UL mTRP deployment scenario can be further studied.
Proposal 2: When two separate close-loop power control adjustment states are configured for SRS, the TPC command for each of the two close loop indexes can be adjusted dynamically.
· Support to enhance DCI format 2_3 with srs-TPC-PDCCH-Group set to TypeB to indicate the TPC command for a given close loop index.
· FFS details.
· Study whether enhancement for DCI format 2_3 with srs-TPC-PDCCH-Group set to TypeA is needed.

Impact of downlink/uplink pathloss difference on uplink power control 
Another issue related to the asymmetric DL sTRP/UL mTRP is the uplink power control. In the current spec., the uplink Tx power for PUSCH/PUCCH/SRS is determined based at least in part on a downlink pathloss measured on a pathloss reference signal. For the asymmetric DL sTRP/UL mTRP deployment, when the uplink is transmitted to the UL TRP while the pathloss reference signal is from the DL TRP, the downlink pathloss measured from the DL TRP is not accurate and cannot be directly used for the uplink transmission to UL TRP. 
At least for the case that the UL TRP has been activated, one possible solution is to indicate a pathloss offset to the UE. In this case, the pathloss offset can be an offset relative to a downlink pathloss measured on a DL RS of the DL TRP and uplink pathloss can be calculated based on the downlink pathloss and the indicated pathloss offset. One potential problem of this solution is that the downlink pathloss and uplink pathloss may change as the UE moves. Since the downlink pathloss and the uplink pathloss are associated with different TRPs (e.g., the downlink pathloss is measured from the DL TRP and the uplink pathloss is calculated for the UL TRP), the changes of the downlink pathloss and uplink pathloss may be in an opposite way.  For example, as shown in Fig.2,  a UE is located in the middle of a DL TRP and an UL TRP, when the UE moves towards to the UL TRP, the pathloss between the DL TRP and the UE may increase while the pathloss between the UE and the UL TRP may decrease which makes the difference between the downlink pathloss and the uplink pathloss even larger compared with the case when the downlink pathloss and uplink pathloss changes in the same way. At time t1, assuming the downlink pathloss is 100dB and uplink pathloss is 40dB, a pathloss offset (e.g., PLO1=60dB) can be indicated so that the UE can derive the uplink pathloss as 100-60 = 40dB. When the UE moves towards UL TRP, another pathloss offset (e.g., PLO2 = 90dB) can be indicated at time t2, and the UE can derive the uplink pathloss as 120-90=30dB. However, before the UE receives the second pathloss offset, the UE may determine the uplink pathloss based on the measured downlink pathloss and the previous pathloss offset (e.g., PLO1). For example, for the UL1, UL2 and UL3, the uplink pathloss calculated by the UE is PLu,1 = PLd,1 – PLO1 = 42dB, PLu,2 = PLd,2 – PLO1 = 46dB, and PLu,3 = PLd,3 – PLO1 = 54dB respectively, which are different from the actual UL PL between the UE and the UL TRP since the uplink pathloss is decreased as the UE moves towards the UL TRP and will result in inaccurate uplink transmission power.
One may argue that this can be solved by the close-loop power control. When the UE moves towards the UL TRP, the legacy TPC command can be used to adjust the Tx power so that the Tx power is not increased with the increase of the downlink pathloss. For example, for UL1, the calculated uplink pathloss is 3dB larger than the actual uplink pathloss due to increase of the downlink pathloss, a TPC command can be sent to the UE to reduce the Tx power by 3dB so that accurate uplink Tx power is used. However, this may not work when the uplink transmission is infrequent in which case the network cannot adjust the TPC command frequently by the scheduling DCI. On the other hand, if the Tx power change due to opposite downlink pathloss change is adjusted by the TPC command(s), e.g., f(1), f(2) and f(3) as shown in Fig.2,  the accumulated TPC command may cause instantaneous Tx power reduction when the updated pathloss offset is applied. For example, when the second pathloss offset (e.g., PLO2) is applied for UL4, the uplink pathloss can be accurately derived based on the measured downlink pathloss and the second pathloss offset, e.g., PLu,4 = PLd,4 – PLO2 = 120-90 = 30dB. However, the accumulated TPC command f(4) may lead to an instantaneous Tx power reduction since the previous TPC commands are used to compensate the Tx power change due to downlink pathloss increase. Furthermore, to adjust the Tx power change due to downlink pathloss increase by TPC command, the network need to track the changes of the downlink pathloss. However, the downlink pathloss is measured at the UE and if the network cannot track the downlink pathloss change timely, it is not possible to adjust the Tx power correctly by using the TPC command. 
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Fig.2 Impact of downlink/uplink pathloss change.
To avoid the above problem, the pathloss offset can be applied with respect to the downlink pathloss for initial uplink pathloss determination. While for the later uplink pathloss change after initial uplink pathloss is obtained, the uplink pathloss should be decoupled from the downlink pathloss.
For initial uplink pathloss determination, an initial pathloss offset can be indicated when the uplink TCI states associated with the UL TRP are activated. In this case, the initial pathloss offset can be indicated by MAC CE. In addition, since the power control related parameters, e.g., P0, , and PL-RS are associated with a TCI state, the pathloss offset can be associated with a TCI state.
Proposal 3: For initial pathloss calculation to the UL TRP(s), support to indicate a pathloss offset by MAC CE to the UE where the pathloss offset is with respect to a downlink pathloss measured from a DL RS of the DL TRP.
To update the pathloss for uplink transmission to the UL TRP after the initial uplink pathloss is obtained, one option is to update the pathloss offset by MAC CE. In this case, the pathloss offset can be applied with respect to a latest uplink pathloss rather than with respect to a downlink pathloss considering the change of downlink pathloss and uplink pathloss may be in an opposite way. For example, as shown in Fig.3, at time t1, an initial pathloss offset (e.g., PLO1=60dB) may be indicated to the UE and the UE derives the uplink pathloss as PLu,1 = 100-60 = 40dB. As the UE moves towards UL TRP, the uplink pathloss is not changed, e.g., PLu,2 = PLu,3 = 40dB, until the UE receives another pathloss offset associated with the same TRP at time t2. During this time, the Tx power can be adjusted by the close loop TPC command, e.g., f(1), f(2) and f(3) for UL1, UL2 and UL3 as shown in Fig.3. When the UE receives the next pathloss offset indication e.g., PLO2, the UE applies the pathloss offset with respect to the latest uplink pathloss rather than with respect to the downlink pathloss. Therefore, for UL4, the uplink pathloss is derived as PLu,4 = 40-3 =37dB. Since the TPC command during t1 and t2 are used to adjust the uplink pathloss change, the TPC command and the uplink pathloss change would be in the same direction. It is the network responsibility to ensure the correct pathloss offset update is indicated on top of the accumulated TPC commands. For example, based on the TPC commands, the Tx power is reduced by 7dB before the second pathloss offset (e.g., PLO2) is received. The network may indicate PLO2 = -3dB to further adjust the Tx power correctly. Note that this works well even when the uplink scheduling is less frequent since the pathloss offset update is applied to the latest uplink pathloss. For example, if UL2 and UL3 are not scheduled in case of low traffic load, the network may indicate PLO2 = -9dB and f(4) = -1 at time t2 . For UL4, the uplink pathloss is derived as PLu,4= PLu,1+PLO2 =40-9 = 31dB.  
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Fig.3 Pathloss offset update with respect to the latest uplink pathloss.
Another option is to enhance close loop power control. In this case, once initial uplink pathloss is obtained, the uplink pathloss keep unchanged and the network can adjust the uplink transmission power using TPC command. Since the TPC command need to adjust the uplink transmission power considering interference change as well as the pathloss change, a larger TPC command range may be needed. For this reason, a MAC CE based TPC command can be used. For example, as shown in Fig.4, an initial pathloss offset (PLO1 = 60dB) is indicated to the UE to get an initial uplink pathloss. Once the initial uplink pathloss is obtained, the uplink pathloss is unchanged. As the UE moves towards the UL TRP, the uplink Tx power is adjusted based on the close loop power control command. For UL1, the Tx power is reduced by 1dB based on DCI-based TPC command. For UL2, the uplink pathloss change may exceed the range of the DCI-based TPC command as UE moves, a MAC CE based TPC command may be used to support a larger TPC command range. Once the UE receives the MAC CE based TPC command, the UE can apply it to the latest TPC command, i.e., f(2) = f(1)+=-10 dB. Based on the initial pathloss and enhanced closed loop power control, the uplink Tx power can be adjusted properly.
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Fig.4 Enhanced closed loop power control.
Proposal 4: Study the following mechanisms to support uplink transmission power adjustment due to UE movement for the uplink transmission to UL TRPs after the initial pathloss offset indication:
· Alt.1: pathloss offset is updated by MAC CE where the pathloss offset is applied with respect to the latest uplink pathloss associated with the same TCI state.
· Alt.2: the pathloss offset is unchanged after the initial uplink pathloss is obtained and the uplink Tx power is updated by MAC CE based TPC command where the MAC CE based TPC command is applied to the close loop index associated with the UL TRP.
Power control switching
For the asymmetric DL sTRP/UL mTRP deployment scenario as shown in Fig.1, the uplink can be transmitted to either the DL TRP or the UL TRP to achieve better uplink throughput. When the uplink is transmitted to the UL TRP, the enhanced uplink power control as discussed in section 2.2 can be used since the UL TRP doesn’t transmit any downlink signals. However, when the uplink is transmitted to the DL TRP, the legacy power control scheme can be reused where the pathloss can be measured based on the PL RS from the DL TRP. In this case, the UE need to switch between the legacy power control scheme and the enhanced power control scheme.
Based on the discussion in section 2.2, for the uplink transmission to UL TRP, the pathloss offset is needed to derive the uplink pathloss to the UL TRP, while for the uplink transmission to the DL TRP, the pathloss offset is not needed and legacy PL-RS based pathloss measurement can be applied to derive the uplink pathloss. Therefore, one solution is to associate the pathloss offset with a UL TCI state. In this case, for an uplink transmission, if the UL TCI state associated with a pathloss offset is applied, the enhanced power control scheme in section 2.2 can be applied. If the UL TCI state not associated with a pathloss offset is applied, the legacy power control scheme is used.
Proposal 5: Support the following signalling enhancement for switching between legacy power control scheme and the enhanced power control scheme:
· The pathloss offset is associated with an UL TCI state where the legacy power control scheme is applied when the UL TCI state not associated with a pathloss offset is applied and enhanced power control scheme is applied when the UL TCI state associated with a pathloss offset is applied.  
Mechanism for uplink pathloss determination
As discussed in section 2.2, to calculate the uplink pathloss, the pathloss offset needs to be indicated by the network. In order to obtain the pathloss offset between the DL TRP and the UL TRP, the network needs to measure the uplink pathloss between the UE and each of the DL TRP and UL TRP based on some uplink signal reception and then the DL TRP and UL TRP can communicate with each other to derive the pathloss offset. 
To measure the uplink pathloss between the UE and the TRP, the uplink Tx power need to be known by the network. In this case, before the pathloss offset is indicated to the UE for normal PUCCH/PUSCH transmission, the UE needs to transmit some uplink signal with known Tx power to facilitate the uplink pathloss determination at the network side. The existing SRS for beam management can be used for this purpose.
Observation 1: For uplink pathloss determination, the existing SRS with usage set to ‘beamManagement’ can be used.
For the SRS transmission for uplink pathloss determination, the uplink pathloss is neither known at the network nor at the UE since the intended TRP is unknown. In this case, one reasonable solution is to configure or indicate a power spectral density (PSD) for the SRS. For example, if the PSD is power per RB, then  [dBm]. And the UE can determine an initial uplink Tx power for SRS, e.g.,  based on the configured or indicated PSD and the number of RBs allocated to the SRS, e.g., . To avoid inter-UE interference as well as relative large received power which may exceed the dynamic range of the receiver, it makes more sense to start from a small PSD value in which case if the SRS is not detected by any TRP, the network can increase the Tx power by using enhanced close-loop power control, e.g., MAC-CE based TPC command or updating the PSD dynamically. Once the network receives the SRS, the network can determine the uplink pathloss based on the received signal strength and the Tx power of SRS.
Proposal 6: Study mechanism for uplink pathloss determination by using the existing beam management SRS.
Conclusion 
In this contribution, we proposed:
Proposal 1: When separate close-loop power control adjustment state is configured for an SRS resource set, the SRS resource set can be configured with close loop index l = 0 or close loop index l = 1 where each close loop index l corresponds to a separate power control adjustment state.
Proposal 2: When two separate close-loop power control adjustment states are configured for SRS, the TPC command for each of the two close loop indexes can be adjusted dynamically.
· Support to enhance DCI format 2_3 with srs-TPC-PDCCH-Group set to TypeB to indicate the TPC command for a given close loop index.
· FFS details.
· Study whether enhancement for DCI format 2_3 with srs-TPC-PDCCH-Group set to TypeA is needed. 
Proposal 3: For initial pathloss calculation to the UL TRP(s), support to indicate a pathloss offset by MAC CE to the UE where the pathloss offset is with respect to a downlink pathloss measured from a DL RS of the DL TRP.
Proposal 4: Study the following mechanisms to support uplink transmission power adjustment due to UE movement for the uplink transmission to UL TRPs after the initial pathloss offset indication:
· Alt.1: pathloss offset is updated by MAC CE where the pathloss offset is applied with respect to the latest uplink pathloss associated with the same TCI state.
· Alt.2: the pathloss offset is unchanged after the initial uplink pathloss is obtained and the uplink Tx power is updated by MAC CE based TPC command where the MAC CE based TPC command is applied to the close loop index associated with the UL TRP.
Proposal 5: Support the following signalling enhancement for switching between legacy power control scheme and the enhanced power control scheme:
· The pathloss offset is associated with an UL TCI state where the legacy power control scheme is applied when the UL TCI state not associated with a pathloss offset is applied and enhanced power control scheme is applied when the UL TCI state associated with a pathloss offset is applied.  

Observation 1: For uplink pathloss determination, the existing SRS with usage set to ‘beamManagement’ can be used.
Proposal 6: Study mechanism for uplink pathloss determination by using the existing beam management SRS.
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